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RAS: is it the Holy Grail? 

•  How often do we find it? 
•  In what diseases – and what does this tell us? 
•  What is its role in outcome? 
•  What is its role in affecting other therapies? 
•  What is its role in the origin of cancer? 
•  What approaches have been attempted? 
•  How much benefit can we expect from 

targeting RAS? 
 



Timeline to Medical Oncology 

•  1964 – Harvey sarcoma virus 
•  1967 – Kirsten sarcoma virus 
•  1976 – Viral oncogene transduced from a normal cellular counterpart 
•  1979 – p21 protein  
•  1979 – RAS is a GDP and GTP binding protein 
•  1982 – Viral H-ras and K-ras genes have a normal human cellular counterpart 
•  1982 – Overexpressed human H-Ras transforms NIH3T3 cells 
•  1982 – Bladder cancer HRAS gene is activated by a codon 12 mutation 
•  1983 – KRAS, NRAS activating mutations 
•  1983 – Ras transformation of primary cells requires cooperating genes 
•  1988 – Ras crystal structure 
•  1989 – Ras farnesylation described 
•  1992 – MEK signaling 
•  1993 – Farnesyltransferase inhibitors block growth of H-Ras transformed cells 



RAS:	  a	  Small	  GTPase	  

Cox	  AD	  and	  Der	  CJ.	  Ras	  history:	  The	  saga	  con=nues.	  Small	  GTPases	  1:1,	  2010	  



Incidence of RAS Mutations in Cancer 

Prior et al. Cancer Res (2012) 72:2457-67 



Most	  Cancer	  Muta=ons	  
Occur	  in	  3	  Residues	  

Cox	  AD	  and	  Der	  CJ.	  Ras	  history:	  The	  saga	  con=nues.	  Small	  GTPases	  1:1,	  2010	  



Ras-isoform–specific codon mutation bias  

Prior I A et al. Cancer Res 2012;72:2457-2467 
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Farnesylation and geranylgeranylation are post- 
translational modifications required to recruit RAS 
to the cell membrane 



RAS mediates signaling through at least 
six different intracellular pathways   

de Castro Carpeño J, et al. Transl Lung Cancer Res 2013;2(2):142-151 



Incidence of RAS Mutations in Cancer 

Prior et al. Cancer Res (2012) 72:2457-67 



What Can we Learn from Clinical Data in 
Specific Cancer Types Regarding How Critical 
it is in These Tumors and What Benefit Might 
Accrue By Successful Targeted Therapy?  

•  Lung Cancer 
•  Colorectal Cancer 
•  Pancreatic Cancer 
•  Leukemia (AML) 



Lung	  Cancer:	  RAS	  Muta=on	  Type	  Related	  to	  
Smoking	  History	  	  	  
N	  =	  670	  pa=ents	  with	  KRAS	  muta=ons	  in	  lung	  cancer	  

Mutations in 90% occur at codon 12, typically a G>T transversion, 
KRas G12C, a type induced by tobacco smoke 

Dogan S et al., Clin Cancer Res 18: 6169, 2012 



Shepherd FA et al., J Clin Oncol 31: 2173, 2013 

Disease-free Survival Overall Survival 

Lung Cancer: KRAS Has NO Prognostic Value 
Lung Adjuvant Cisplatin Evaluation Database: 
1,543 patients; 300 with KRAS mutations 



Lung Cancer: 
Might RAS be a Useful Therapeutic Target in 
Lung Cancer, Equivalent to EGFR and ALK?  

Korpanty GJ et al, Frontiers in Oncology (2014) 4:204 

Non-smokers 

Unknown	  

KRAS 

EGFR 

ALK 



Epidermal Growth Factor Pathway Activated in Lung 
Cancer at Multiple Levels: EGFR, RAS, BRAF  

*	  
*	  *	  

MEK	  Inhibitor	  to	  
Block	  Signaling	  

Cell	  Prolifera=on	  



Docetaxel + Selumetinib 

Docetaxel + Placebo 
Median	  Progression-‐
Free	  	  Survival:	  	  
5.3	  vs.	  2.1	  months	  	  



Colorectal Cancer: Data for the importance of 
KRAS are mixed: KRAS Mutations ARE NOT 
Initiating Events in Carcinogenesis 
 
 
 
 
 
 
 
 
 
 
 
 
 

How important are mutations that arise later to a cancer? 
Uncertain 
 How vulnerable is a cancer cell harboring such a mutation 
to an inhibitor of such mutations? 
Uncertain 



Evidence KRAS may not be initiating (indispensable) 
mutation: Heterogeneous distribution of KRAS, BRAF, 
and PIK3CA mutations in primary tumors, lymph node, 
and distant metastases of colorectal cancer.  

Baldus S E et al. Clin Cancer Res 2010;16:790-799 

WT è WT 

MUT èMUT 

WT èMUT* 

MUT èWT* 

*Further sampling 
revealed KRAS 
mutations in primary 
tumor or in LN 
metastasis 



Indirect evidence from clinical trials with 
antibodies targeting the EGFR 
suggests RAS is important in colorectal 
cancer 
 
Cetuximab and  
Panitumumab 



The FDA approved cetuximab for  
colorectal cancer in 2004 



Cetuximab did not benefit patients whose  
tumors harbor mutant KRAS, reported in 2008 



Cetuximab vs Best Supportive Care  
Mutant K-ras: No benefit 



Cetuximab vs Best Supportive Care  
Wild-type K-ras: Apparent benefit 



Constitutive RAS activation 
results in insensitivity to  
antibodies targeting the EGFR 

Cell	  Prolifera=on	  

*	  

*	  



ASCO issues a “Provisional Clinical Opinion” 
 “suggesting” that KRAS testing be performed 
In patients with colorectal cancer before   
administering cetuximab in 2009 



KRAS mutation test: First FDA approved companion diagnostic 
based on a cancer-causing mutation: July 2012 

Companion Diagnostics: Developing Precision Medicine in a Global World.  
Rubin EH et al. Clin Cancer Res. 20: 1419, 2014   



therascreen® KRAS RGQ PCR Kit 
QIAGEN Manchester Ltd 

FDA Approval July 6, 2012 
 
II. INDICATIONS FOR USE  
The therascreen® KRAS RGQ PCR Kit is a real-time qualitative PCR assay 
used on the Rotor-Gene Q MDx instrument for the detection of seven somatic 
mutations in the human KRAS oncogene, using DNA extracted from 
formalin-fixed paraffin-embedded (FFPE), colorectal cancer (CRC) 
tissue. The therascreen® KRAS RGQ PCR Kit is intended to aid in the 
identification of CRC patients for treatment with Erbitux (cetuximab) 
and Vectibix® (panitumumab) based on a KRAS no mutation detected test 
result. 



Cetuximab	  in	  Combina0on	  with	  Folfiri	  /	  Therascreen	  
U.	  S.	  Food	  and	  Drug	  Administra=on	  granted	  approval	  
July	  6,	  2012	  	  

Three	  clinical	  trials	  in	  pa=ents	  with	  metasta=c	  colorectal	  cancer.	  Note	  that	  the	  
therascreen	  assay	  detects	  MUTATIONS,	  not	  Wild-‐Type	  sequence:	  
	  
CRYSTAL	  trial:	  1,214	  pa=ents	  
EGFR-‐posi=ve	  tumors,	  no	  prior	  therapy	  –	  FOLFIRI	  +/-‐	  cetuximab	  
1,079	  89%	  of	  pa=ents	  had	  KRAS	  wild-‐type,	  676,	  37%	  had	  KRAS	  mutant	  tumors	  
Cetuximab	  improved	  OS	  from	  19.5	  to	  23.5	  months,	  response	  rate	  from	  39%	  to	  57%	  
Improvement	  seen	  ONLY	  in	  the	  pa0ents	  with	  wild-‐type	  tumors	  
	  
OPUS:	  337	  pa=ents	  
EGFR	  posi=ve	  tumors,	  no	  prior	  therapy	  -‐	  FOLFOX4	  +/-‐	  cetuximab	  
Cetuximab	  improved	  OS	  from	  18.5	  to	  22.8	  months,	  response	  rate	  from	  34%	  to	  57%	  	  
Improvement	  seen	  ONLY	  in	  the	  pa0ents	  with	  wild-‐type	  tumors	  

hfp://www.fda.gov/Drugs/Informa=onOnDrugs/ApprovedDrugs/ucm310933.htm	  



Adding	  cetuximab	  to	  chemotherapy	  is	  	  
not	  beneficial	  if	  the	  pa=ent’s	  tumor	  harbors	  	  

a	  KRAS	  muta=on	  



The fact that additional 
mutations within the 
RASèRafèMAPK 
pathway reduce the 
efficacy of antibodies 
targeting the EGFR 
receptor suggests the RAS 
pathway is very important 
in colorectal cancer 



Patients whose tumors harbor BRAF mutations 
have no benefit from cetuximab 

Tol	  et	  al,	  N	  Engl	  J	  Med.	  2009;361:98-‐9	  

Å 	  Control	  
Å 	  Cetuximab	  

Å 	  Control	  
Å 	  Cetuximab	  

Å 	  Control	  
Å 	  Cetuximab	  



**649 patients treated with 
cetuximab plus chemotherapy 
 
***KRAS and BRAF, KRAS and 
NRAS mutations were mutually 
exclusive 
 

Effects of KRAS, BRAF, NRAS, and PIK3CA mutations 
on the efficacy of cetuximab plus chemotherapy ….in 
mCRC: a retrospective consortium analysis 

De Roock W., Claes B., et al. The Lancet Oncology, 11:753 – 762, 2010 



  

All	  pa=ents	  

M
uta=on	  group	  

Q
uadruple	  w

ild-‐type	  50.3%
	  

6.7%	  
8.3%	  

0%	  7.7%	  

Response	  
rate:	  
24.4%	  

Response	  
rate:	  
36.3%	  

Response	  
rate:	  
38.4%	  	  

Response	  
rate:	  
39.9%	  

Response	  
rate:	  
41.2%	  

Effects of KRAS, BRAF, NRAS, and PIK3CA mutations 
on the efficacy of cetuximab plus chemotherapy ….in 
mCRC: defining mutation spectrum improves response 



Pancreatic Cancer: Model of progression from a 
normal cell to metastatic pancreatic cancer.  

Iacobuzio-Donahue C A et al. Clin Cancer Res 2012;18:4257-4265 



Presence of somatic mutations in most 
early-stage pancreatic intraepithelial 
neoplasia. 
Kanda M1, Matthaei H, Wu J, Hong SM, Yu J, Borges M, 
Hruban RH, Maitra A, Kinzler K, Vogelstein B, Goggins M. 

Gastroenterology 142:730-733.e9, 2012  



Unlike other cancers, KRAS mutations in the earliest 
pancreatic intraductal lesions suggests RAS may be 
fundamental to pancreatic cancer oncogenesis and a 
proving ground for a RAS therapeutic  

Iacobuzio-Donahue C A et al. Clin Cancer Res 2012;18:4257-4265 



Acute Myelogenous Leukemia 



Circos Diagram for Mutations in AML 



Mutational Complexity of Acute Myeloid Leukemia 
(AML) in 398 Patients: Circos Diagram Depicts the 
Pairwise Co-occurrence of Mutations 

Patel	  JP	  et	  al.	  N	  Engl	  J	  Med	  2012;366:1079-‐1089.	  



Figure 1C

0

1

2

3

4

5

6

0 – 39 40 – 49 50 – 59 60 – 69 70 – 79 80 – 89
Age Group

%
 o

f a
ffe

ct
ed

 T
CG

A 
ca

se
s 

in
 e

ac
h 

ag
e 

gr
ou

p

Genes
ASXL1

DNMT3A

GNAS

JAK2

SF3B1

TET2

TOTAL

Xie	  et	  al	  Nature	  Medicine	  2014	  

Evidence of AML initiating mutations and clonal skewing in 
elderly patients’ blood 



DNMT3A 

NPMc 

FLT3 
IDH1 

FC SC2 SC1 

FLT3-ITD 

AML 31: DNMT3A and NPM are founding mutations 

Klco	  et	  al	  Cancer	  Cell	  2014	  
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Prolifera=on	  Genes	  
Founder	  Epigene=c	  Genes	  

AML: n=50, Founding mutations persist in remission 



Mutation Acquisition in AML: preleukemic landscaping 
mutations followed by late proliferative mutations.  

Corces-Zimmerman M R et al. PNAS 2014;111:2548-2553 

Muta=ons	  in	  pre-‐
leukemic	  clones:	  
KRAS	  is	  never	  seen	  



Leukemia 

•  Ras is not the precursor lesion 
•  Ras is a late mutation and a proliferative 

signal that drives the expansion of 
leukemic cells 

•  Inhibition not likely curative 



Ras	  Superfamily	  



In Progress – Determining the Role of the 
Superfamily of Ras-Related Small GTPases in 
Cancer 

Cox	  AD	  and	  Der	  CJ.	  Ras	  history:	  The	  saga	  con=nues.	  Small	  GTPases	  1:1,	  2010	  



In	  Progress:	  Role	  of	  
Ras	  Superfamily	  
Members	  in	  Cancer	  

RAS	  Family	  	  

Rho	  Family	  	  



Learning	  from	  the	  Ras	  AML	  Paradigm:	  Founder	  
and	  Prolifera=ve	  Muta=ons?	  

Palermo	  et	  al.	  Nature	  Gene=cs	  46:166,	  2014	  

•  T-‐cell	  Lymphoma	  
•  Frequent	  epigene=c	  
muta=ons	  

•  RHOA	  Gly17Val	  mutant	  	  



Ras	  as	  Therapeu=c	  Target	  

•  MEK,	  AKT	  Inhibitors	  of	  Downstream	  Signaling	  
•  RAS	  Farnesyl	  Transferase	  Inhibitors	  



RAS mediates signaling through at least 
six different intracellular pathways   

de Castro Carpeño J, et al. Transl Lung Cancer Res 2013;2(2):142-151 



Farnesylation and geranylgeranylation are post- 
translational modification required to recruit RAS to 
the cell membrane 



Tipifarnib,	  R115777	   Lonafarnib,	  SCH66336	  

Inhibits	  Ras	  farnesyla=on,	  Ras	  targe=ng	  to	  membrane,	  and	  cell	  prolifera=on	  
Early	  posi=ve	  results	  in	  AML	  –	  Responses	  in	  10	  of	  34	  pts	  (w/o	  RAS	  muta=ons)	  
R115777	  accumulated	  in	  bone	  marrow	  
Farnesyla=on	  of	  FT	  substrates	  lamin	  A	  and	  HDJ-‐2	  confirmed	  
	  

Karp	  JE	  et	  al.,	  Blood	  97:3361,	  2001	  
Tsimberidou	  et	  al.	  Expert	  Opin	  Inves=g	  Drugs	  19:1569,	  2010	  	  



FTI Development: Disappointment in AML 

•  AML	  	  
–  Tipifarnib	  vs	  BSC	  (best	  suppor=ve	  care,	  incl.	  hydroxyurea)	  	  
first-‐line	  elderly	  AML	  

•  Median	  OS	  107	  days	  vs	  109	  days.	  	  	  

The	  Oncology	  Times,	  June	  2005	  



Multiple Farnesylated Intracellular Proteins May Contribute to 
the Antiproliferative Effects of Farnesyl Protein Transferase 
Inhibition  

Van Cutsem E et al. JCO 2004;22:1430-1438 

	  Consistent	  with	  the	  observed	  ras-‐independent	  clinical	  ac4vity	  of	  4pifarnib,	  alterna4ve	  cellular	  targets	  of	  farnesyltransferase	  
inhibi4on	  have	  been	  iden4fied	  in	  preclinical	  experiments.	  Farnesyla4on	  inhibi4on	  of	  interes4ng	  candidate	  proteins	  might	  contribute	  
to	  these	  observed	  an4tumor	  proper4es;	  these	  proteins	  currently	  include	  RhoB,	  centromere-‐binding	  proteins	  E	  and	  F	  (CNP-‐E	  and	  CNP-‐
F),	  lamin	  B,	  protein	  tyrosine	  phosphatase,	  and	  transforming	  growth	  factor	  beta	  receptor-‐II	  (Fig	  1).	  



Zarnestra development halted: prediction signature failed 

•  Responses	  observed	  in	  absence	  of	  RAS	  muta=on;	  downstream	  effectors	  down-‐
regulated	  in	  AML.	  An	  alternate	  response	  signature	  was	  iden=fied.	  	  

•  NCT01361464:	  Complete	  Remission	  (CR)	  rate	  in	  Acute	  Myelogenous	  Leukemia	  
(AML)	  pa=ents	  prospec=vely	  selected	  for	  R115777R115777	  (ZARNESTRA)	  
treatment	  on	  the	  basis	  of	  a	  2-‐gene	  signature	  (RASGRP1:APTX	  ra=o)	  in	  bone	  
marrow	  aspirates.	  

•  CR	  Rate	  11%	  
•  The	  study	  opened	  to	  accrual	  on	  5/24/2011	  and	  closed	  to	  accrual	  07/25/2012	  when	  

the	  pharmaceu=cal	  company	  decided	  to	  terminate	  further	  development	  of	  
Tipifarnib	  in	  acute	  myeloid	  leukemia	  (AML).	  	  

Raponi	  et	  al.	  Blood	  111:	  2589,	  2008	  
hfps://clinicaltrials.gov/ct2/show/NCT01361464	  



Lonafarnib: New Life Inhibiting Hepatitis Delta Virus 



FTI	  Development:	  Disappointment	  in	  Pancrea=c	  Cancer	  

Van	  Cutsem	  et	  al.,	  J	  Clin	  Oncol	  22:1430,	  2004	  

Gemcitabine	  
1,000	  mg/m2	  

N=698	  

Tipifarnib	  
200	  mg	  bid	  
N=341	  

Placebo	  
N=347	  



What	  do	  these	  observa=ons	  teach	  us	  about	  
KRAS	  and	  its	  therapeu=c	  poten=al?	  

•  It	  is	  not	  clear	  that	  KRAS	  muta=on	  confers	  a	  worse	  outcome	  
•  KRAS	  signaling	  interferes	  with	  EGFR	  signaling	  blockade	  

•  KRAS	  role	  in	  oncogenesis	  remarkably	  is	  s=ll	  being	  worked	  out	  
•  Early	  data:	  RAS	  was	  not	  able	  alone	  to	  transform	  primary	  cells	  
•  KRAS	  appears	  to	  	  be	  the	  first	  event	  in	  pancrea=c	  cancer	  
•  KRAS	  mutant	  and	  non-‐mutant	  subclones	  oren	  coexist	  
•  KRAS	  muta=on	  occurs	  in	  sekng	  of	  “landscape	  muta=on”	  in	  AML	  

•  KRAS	  is	  an	  important	  and	  cri4cal	  target	  for	  cancer	  therapy,	  but	  its	  
inhibi4on	  may	  not	  be	  sufficient	  in	  many	  cancer	  types	  

•  We	  need	  defini4ve	  KRAS	  blockade	  to	  answer	  many	  of	  our	  ques4ons	  about	  
the	  role	  of	  KRAS	  in	  the	  origin	  and	  maintenance	  of	  cancer	  
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